Background: This study aims to assess cognitive change in a 2-year period among U.S. Chinese older adults and examine sociodemographic characteristics associated with the change. Methods: Data were from the Population Study of Chinese Elderly (PINE) in which 2,713 participants (aged 60 and older) received in-home interviews at both the baseline and 2-year follow-up. A battery of cognitive tests that assessed episodic memory, working memory, perceptual speed, and overall cognitive status were administered in both times. A composite global cognition was constructed using all tests. Mixed-effect regression was conducted. Results: Older age was associated with worse baseline cognition (ie, in all cognitive abilities) and faster decline in global cognition, episodic memory, and perceptual speed-rates of decline increased by .006, .004, and .009 standard score units, respectively, for each year older. More education was associated with better baseline cognition, but each year of additional schooling increased rates of decline in global cognition and episodic memory by .004 and .012 standard score units, respectively. Men performed better than women in most cognitive abilities at baseline but had faster rates of decline in working memory. Higher income was associated with better cognition at baseline and reduced rates of decline in working memory. Conclusions: Findings suggest differences in the rates of cognitive change by age, sex, education, and income. Those in advancing age are vulnerable to cognitive decline. The effects of education and sex on baseline performance versus change suggest a role for life experiences in cognition.
With the trend of population aging and increased risks of dementia with age, there is increasing interest to understand how cognitive function changes in older adults. Thus far, most attention has been given to detecting cognitive impairment and assessing cognitive decline of those with dementias. To provide basic and relevant information for policy, program, and service development to support the public to maintain cognitive function, experts in the field have called for taking "a more complete view about the nature and extent of cognitive aging in older adults" (1) . Population-based data are particularly suited for such purpose. Indeed, longitudinal data from population-based surveys have revealed substantial interindividual and intraindividual variation in the trajectory and patterns of cognitive change among older adults (1) . These data also highlight the importance of considering race/ethnicity in understanding cognitive aging (2, 3) . To our knowledge, no studies have examined cognitive change in U.S. Chinese adults to date. This is because in part, until now, no population-based data are available to study this population.
Chinese is the largest subgroup of Asian Americans who are the fastest growing ethnic minority group in the United States (4) . In 2015, there were 4.9 million Chinese in the United States and the number was expected to grow in an exponential rate (5) . There is a perception that Chinese are a "model minority" who have achieved socioeconomic success in the United States and are living the American dream (6) . This view discounts socioeconomic disparities within the Chinese American population and ignore barriers to aging well for many older Chinese adults. Some aspects of the Chinese culture, a few qualitative studies suggest, may increase the risk of cognitive decline for Chinese people (7, 8) . These studies show that Chinese tend to perceive cognitive decline with age as inevitable, and they attach strong shame and stigma to dementia. Such attitude may discourage Chinese adults from engaging in behavior to maintain cognitive function and seeking early treatment for cognitive complaints.
The Population Study of Chinese Elderly (PINE) is the first population-based epidemiological study of U.S. Chinese older adults in the United States (9) . The purpose of the study was to provide populationbased information about older Chinese Americans and to examine key determinants of their health and well-being. Using the PINE baseline data, a study has reported cognitive function in multiple domains among the sample and examined how each domain is related to sociodemographic and health characteristics of respondents (10) . The present study extends this prior work. Taking advantage of the newly available Wave 2 data from the PINE study, we aim to assess changes in a multiplicity of cognitive function over a 2-year period and examine variation in the rate of change, as related to sociodemographic characteristics and health status, in U.S. Chinese older adults.
Methods

Sample and Setting
The PINE study was a community-academic collaboration among Rush Institute for Healthy Aging, Northwestern University, and more than 20 community-based social service organizations throughout the greater Chicago area. Given the low percentage of Chinese older adults in the U.S. population, a targeted community-based recruitment strategy was used to recruit the sample. The research team engaged the social service organizations to be recruitment sites. In a way sample recruitment was integrated with routine services provided to Chinese families throughout the city and suburban areas. The study was also widely promoted in local Chinese quarterly newspaper and through flyers in public places that were frequented by Chinese people. Baseline survey was conducted between 2011 and 2013 through in-home interviews with 3,157 Chinese adults aged 60 and older. The interviews were conducted in respondents' preferred language (Chinese, English) and dialect (Cantonese, Taishanese, Mandarin, and Teochew). Detailed descriptions of the baseline PINE data collection have been published elsewhere (9) . Demographic characteristics of the PINE sample were comparable to those available from the 2010 U.S. Census and a random street-block census of the Chinese community in Chicago (11) . The second wave of data was collected 2 years after the baseline and completed in 2015. A total of 2,713 respondents (86% of baseline sample) were successfully followed up. Among the 444 who did not complete follow-up, 115 were deceased and 329 were lost. Compared with those who participated in Wave 2, those who did not were older and performed worse on the Chinese MiniMental State Exam (C-MMSE) and global cognition. The Institutional Review Boards of the Rush University Medical Center have approved the PINE study.
Measures
Cognitive function A battery of five cognitive tests was administered during the inhome interviews at both waves. Higher scores represent better performance for all tests. Four of the five tests assessed three cognitive domains-episodic memory, working memory, and perceptual speed. Episodic memory was a composite of the East Boston Memory TestImmediate Recall (EBMT) and the East Boston Memory Test-Delayed Recall (EBDR) (12) . The two tests used immediate (EBMT) and delayed recall (EBDR) of brief stories. The second domain, working memory, was assessed by the Digit Span Backwards which was drawn from the Wechsler Memory Scale-Revised (12) . Perceptual speed was measured by the Symbol Digit Modalities Test (SDMT)-a 11-item test that calls for rapid perceptual comparisons of numbers and symbols in 90 seconds (13) . The fifth test in the battery, the C-MMSE, was based on the MMSE (Mini-Mental State Examination) which is a widely used measure in epidemiological studies to assess overall cognitive status (14) . The C-MMSE has been validated in Chinese older adults in Hong Kong (15) . Raw scores of all five tests were converted to z scores, using the baseline population estimates of the mean and standard deviation, to construct cognitive factors (three cognitive domains and C-MMSE). In addition, to minimize floor and ceiling artifacts and other measurement errors, we constructed a composite measure of global cognition by averaging the z scores of all five cognitive tests (16) . Principal component analysis shows that the five tests had loadings between .72 and .87 on the first component which accounted for 67% of the variance.
Sociodemographic characteristics and health status
Sociodemographic characteristics included age, sex, education, income, and marital status. Age was measured in chronological years and was centered at 72 in the mixed-effect regression analysis. Men were coded 1. Education was indicated by completed years of regular schooling. Income refers to total annual income of the respondent and was measured in 10 categories. Marital status was coded as currently married = 1 versus not = 0. Health status was indicated by medical conditions, which was a count of chronic conditions, among nine, that the participant had been told by a doctor, nurse, or therapist that (s)he had.
Time
Time was measured as the difference between baseline and Wave 2 interviews. The mean was 1.92 (SD = 0.30) years, with a minimum of 1.75 years and a maximum of 3.72 years.
Data Analysis
Univariate statistics were used to summarize the five cognitive tests and the cognitive factors (ie, the three cognitive domains, C-MMSE, and global cognition) at two time points, and their difference scores between the time points (ie, Wave 2 -baseline). Spearman correlations were used to assess bivariate associations of baseline sociodemographic and health status variables with difference scores of the cognitive factors. Mixed-effect regression models were used to estimate the annual rate of change in the three cognitive domains and global cognition and to examine associations of sociodemographic characteristics and health status with the rates of change in the cognitive factors. The distribution of C-MMSE was highly skewed; so, it was not included in the mixed-effect regression analysis. All statistical analyses were undertaken using SAS, Version 9.2 (SAS Institute, Cary, NC).
Results
Baseline Characteristics of the Sample
Of the 2,713 participants who were interviewed at both baseline and Wave 2, the average age was 72.6 years old and 58.4% were women.
On average, they had 8.7 years of education, and 85.8% had income of less than $10,000. At baseline, 69.9% were married. On average, they had 2.1 chronic conditions.
Descriptive Statistics of Baseline, Follow-up, and Difference Scores in Cognition
The upper panel of Table 1 presents descriptive statistics of the five cognitive tests. Sample size varied across tests and waves due to missing data. As shown, all cognitive test scores, except that for the EBDR, were lower at Wave 2 compared to that at baseline. The lower panel of Table 1 presents descriptive statistics of the cognitive factors in z-score units. The scores for all were lower at Wave 2 than at baseline. Figure 1 illustrates the difference in the scores of each cognitive factor between the two waves. Relatively, C-MMSE had the sharpest decline while episodic memory was the most stable.
Spearman Correlations
Bivariate correlations of sociodemographic characteristics and health status with difference scores of the cognitive factors are presented in Table 2 . Older age was significantly correlated with greater decrease of scores in global cognition, C-MMSE, and perceptual speed. Men had more reduction in scores on working memory than women. More education was correlated with more decrease in scores on global cognition and episodic memory, but more increase in scores on C-MMSE. Income, marital status, and medical conditions had no statistically significant correlations with difference scores of any cognitive factors.
Estimation From Mixed-Effects Models
Mixed-effects regression models were used to estimate rates of change in the three cognitive domains and global cognition. We first estimated an unconditional model (Table 3 , Model 1) and the estimation shows that on average, global cognition declined by .039 (p < .001) standard score units and working memory declined by .055 (p < .001) standard score units, per year. Changes in episodic memory (−.007) and perceptual speed (−.008) were not statistically significant. These average rates of change, however, did not take into account heterogeneity in the population sample.
After accounting for the effects of age, a different picture of cognitive change emerged. Model 2 (Table 3) shows that people who were older had lower abilities in all cognitive factors at baseline. Moreover, older age was associated with faster decline in global cognition, episodic memory, and perceptual speed-a .006 (p < .001), .004 (p < .001), and .009 (p < .001) standard score units increase in their rates of decline, respectively, for each year older. The age variation in the rate of cognitive change means that cognitive decline was less apparent in those who were younger. Model 2 indicates that for those who were 72 years old, on average, global cognition was stable (.008, p > .05) in the 2-year period, and episodic memory and perceptual speed improved at an annual rate of .036 (p < .001) and .044 (p < .001) standard score units, respectively. But regardless of age, working memory declined by .030 (p < .001) standard score units per year.
We then entered sex, education, income, marital status, and medical conditions to Model 2 and allowed each to interact with time (Model 3, Table 3 ), so as to examine whether and how the rates of cognitive change vary by these characteristics and health status. The results suggest that while men had higher levels of global Raw scores of the cognitive tests were converted to z scores to construct cognitive factors. Global cognition was a composite of all five cognitive tests. Episodic memory was a composite of EBMT and EBDR. Working memory, and perceptual speed were from DB and SDMT, respectively. cognition, working memory, and perceptual speed at baseline, men had faster rates of decline (.043 standard score unites more, p < .05) than women in working memory. More education was associated with better performance in all cognitive factors at baseline. But each additional year of schooling was related to a .004 (p < .001) and .012 (p < .001) standard score units increase in the rates of decline in global memory and episodic memory, respectively. People with higher income performed better in all cognitive factors at baseline, and each level up the income category was associated with .016 (p < .05) standard score units reduction in the rate of decline in working memory. Marital status and medical conditions did not have any significant effects on either baseline levels or rates of change of any cognitive factors.
Discussion
We used two waves of data to examine change of cognitive function in a 2-year period among U.S. Chinese older adults. On average, a trend of decline in multiple cognitive abilities was observed in the sample. But the average trend masks heterogeneities in the rate of cognitive change between individuals. Estimates from mixed-effects models show that age is an important factor and older age is associated with faster rates of decline in global cognition, episodic memory, and perceptual speed. While the oldest age group in this Chinese population is vulnerable to cognitive decline, the odds of decline are lower for those who are younger. But there is evidence of decline in working memory across all ages in the sample. In addition to age, education, sex, and income were found to be related to the rate of change in different cognitive abilities. Specifically, more education is associated with faster rates of decline in global cognition and episodic memory; men have faster rates of decline in working memory than women, and higher income is associated with reduction in the rate of decline in working memory.
Age variation in the rate of cognitive change is expected and consistent with prior research (2, 16, 17) . For example, in a sample of Black and White older adults, Wilson and colleagues (2) reported the interaction effects of age and time on episodic memory and perceptual speed to be −.006 (SE = 0.001; p < .001) and −.006 (SE = 0.001; p < .001), respectively. That is, the rate of decline in both cognitive domains increased by .006 standard score units for each year older. The corresponding estimates in our analysis were −.004 (SE = 0.001; p < .001) and −.009 (SE = 0.001; p < .001). Some researchers have argued that advancing age alone is not responsible for substantial cognitive decline in a period of few years, rather, diseases such as Alzheimer's disease is the likely culprit (16) . The PINE participants were not evaluated for Alzheimer's disease, but it is known that the risk of dementia-related diseases increases with age (18) . Probably, the age differences in baseline and rates of decline in cognition reflect differential onset and progression of diseases such as cerebrovascular disease and Alzheimer's disease (19) . It is also possible that the age effects reflect cohort rather than age differences (1). The findings that education is associated with faster rates of decline in global cognition and episodic memory seem to contradict its positive relationships with cognition at baseline. This pattern of findings, however, has been reported by prior studies (20) (21) (22) . Possibly, educational differences in cognitive performance at baseline are related to life experiences that accumulated over the life course, such as early life conditions, literacy, and life course physical activity (20, 21) . A prior study shows that life experience variables reduced effects of education and race/ethnicity on baseline cognition considerably (19) . In other words, those with limited education may have been underestimated of their true cognitive abilities at baseline and may benefit from test retaking (22) . Studies have shown that ethnic minorities and those with low education show greater improvement from initial to second cognitive assessment, compared to Whites and those with more education (3, 23) . Nevertheless, it should be noted that the effects of education on levels of cognitive function were relatively large, attesting to the benefits of education to cognition in later life. For example, global cognition at baseline increased by .087 standard units with each additional year of education, which was much larger than the rate of decline in global cognition (.004 standard units) associated with each additional year of education. In addition, our observation only involved two assessment points spanning 2 years. A prior study that followed older adults up to 14 years found that more education is associated with slightly more cognitive decline in earlier years of follow-up but less decline in later years (22) . Moreover, older Chinese Americans are diverse in their origin and history of migration. Those with the same years of completed schooling do not necessarily receive the same level of education due to variation in the quality of education.
Sex differences in baseline levels and longitudinal change of cognition also show contradictions. Men have higher scores than women in most cognitive abilities at baseline, but men have significantly faster rates of decline in working memory and are not different from women in the rate of change in other cognitive factors. A recent study also reports that older women are more resilient than their male counterpart in cognitive decline, but they found women to perform better in some cognitive domains at baseline (24) . That study was based on a sample of primarily White adults (50 years and older) with mean education of 16.4 years. Gender inequality in Chinese society may render older women at disadvantages in cognitive tests (25) . Income, however, has consistent cross-sectional and longitudinal effects-higher income is associated with better baseline performance and reduction in rates of decline in working memory. Access to services including early diagnosis and treatment of diseases may be a reason for the advantage of those with high incomes.
The findings have practice implications. First, many Chinese adults hold strong beliefs that cognitive decline in old age is inevitable (7, 8) . Our findings can be used to educate them about variability in cognitive decline and potential for cognitive improvement. Second, given the findings that rates of cognitive decline increase with age, health professionals should encourage Chinese adults in advancing age to monitor their changes in behavior and symptoms associated with decline of cognitive function. Family members of these older adults should be educated about signs of cognitive decline. If dementia is detected, health professionals should be cognizant of the stigma associated with dementia in Chinese culture and exercise cultural humility to help the patient (26) . Third, income disparities in baseline cognition and cognitive decline ought to be addressed. Since education was controlled in our analysis, the income effects may reflect differences in health care access or quality of services received. It is worthwhile to explore the potential role of interventions that enable low-income Chinese adults to receive quality health services for addressing disparities in cognitive health. This is the first study to report cognitive change in a populationbased sample of Chinese older adults in the United States. Strengths of the study included a relatively large sample whose characteristics were comparable to those available from the Census, and the use of a battery of cognitive tests that allowed assessment of domain-specific cognitive performance. The battery of tests also made it possible to use a composite measure of global cognition with an extended range which helps to minimize bias from floor and ceiling effects (16) . Nonetheless, the sample was recruited from an urban area in the mid-west of United States. Hence, the findings do not necessarily generalizable to other geographic areas or settings. The cognitive tests used also do not capture the full range of cognitive abilities, and clinical evaluations of cognitive impairment were lacking. In addition, the observation period in this study is relatively short. A longer follow-up will help to understand the variability in the trajectory of cognitive change in Chinese older adults.
Given the increasing diversity of the older population in the United States, there is a great and urgent need for population-based information about cognitive aging in ethnic minority populations (1) . Such information can provide a basis for engaging ethnic minorities to maintain cognitive health, informing helping professionals as they interact with members of ethnic minority groups, and guiding development of programs and services to eliminate health disparities (1). To our knowledge, PINE is the only longitudinal study that has collected cognition data in a population-based sample of U.S. Chinese adults to date. The findings of the present study highlight the vulnerability of older Chinese in advancing age. The extent to which such vulnerability is related to dementia-related diseases needs further investigation. Differences in the rate of cognitive decline in different cognitive abilities by education, sex, and income were detected. Some of the effects are in opposite direction to their effects on baseline test scores, suggesting the influence of life experiences rather than diseases. More research is needed to understand factors accounting for sex, education, and income differences in initial levels and change of cognition among Chinese Americans. 
